. Periodontal infection is initiated by tooth-associated microbial biofilms that stimulate a host response, leading to soft tissue destruction and alveolar bone loss (Darveau, 2010) . Periodontal infections are implicated in a variety of other polygenic diseases, such as cardiovascular disease, stroke, and osteoporosis (Fig. 1) . The bacterial biofilm serves as a chronic exposure of oral micro-organisms adhering to teeth, leading to a repeated microbial challenge and downstream effects of an altered host response (Garlet, 2010; Kebschull et al., 2010) . Diagnostic methods in clinical practice today lack the ability both to detect the onset of inflammation and to identify those patients at greatest risk for periodontal disease progression (Zhang et al., 2009) .
The development of new POC devices for periodontal surveillance will likely require less training and fewer resources than current diagnostic tests, could lead to better utilization by properly trained practitioners for simpler and less intensive treatment, and could result in cost-effective health-care delivery (Ramseier et al., 2008) . In the future, patients will be screened for periodontal disease in settings other than the dental practice, such as at other health care clinics or at home, allowing them to be directed for more personalized treatments. Periodontal oral diagnostic devices will also enable large populations to be screened. In particular, underserved communities and resourcelimited areas may be accessed more efficiently than by current cumbersome and poorly utilized screening programs (Yager et al., 2006) . The potential to identify and monitor unique patient populations will help foster better identification of atrisk groups and increase access to treatment for those most in need, improving public health in periodontology and the oral health field in general.
Emerging clinical applications of lab-on-a-chip (LOC) technologies as point-of-care (POC) diagnostics developed for systemic diseases are now being readily applied to periodontology Herr et al., 2007a,b; Miller et al., 2010) . The use of proteomic or multi-analyte approaches for the identification of periodontal diseases offers significant potential for providing periodontal disease "signatures" for risk Gonçalves Lda et al., 2010; Haigh et al., 2010) (Fig. 2) .
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ABSTRACT
There have been significant advances in techniques for the detection of biomarker signals in the oral cavity (e.g., ELISAs for proteins, PCR for RNA and DNA) as well as the engineering and development of microfluidic approaches to make oral-based point-of-care (POC) methods for the diagnosis for both local and systemic conditions a reality. In this section, we focus on three such approaches, namely, periodontal disease management, early markers for systemic diseases, and salivary markers useful for pharmacogenomic studies. Novel approaches using noninvasive, salivary samples and user-friendly devices offer results that are as sensitive and specific as laboratory-based analyses using blood or urine.
SAlivARy BiomARkeRS FoR SCReening
RiSk ASSeSSmenT And ReSponSe To peRiodonTAl TheRApy p eriodontal disease is a common oral infectious disease that is also a leading cause of tooth loss in adults (Pihlstrom W.v. giannobile 1,2 , J.T. mcdevitt 3 , R.S. niedbala 4 , and d. malamud 5 * amud, 2006). However, for periodontal disease determination, a large body of research previously focused on gingival crevicular fluid biomarkers that provide local disease status, but represent a technically difficult approach for implementation in the clinical arena (Giannobile et al., 2009; Zhang et al., 2009 ). The field of periodontology is now able to detect a panel of salivary biomarkers to predict disease, including matrix metalloproteinase-8 (MMP-8) Costa et al., 2010; Gursoy et al., 2010; Heikkinen et al., 2010) , microbial factors (Iwano et al., 2010) , and pro-inflammatory cytokines such as IL-1 beta Ng et al., 2007; Fine et al., 2009; Suh et al., 2009) .
Salivary biomarkers of disease have been evaluated in patients with periodontitis co-morbidities including rheumatoid arthritis (Mirrielees et al., 2010) and diabetes (Gumus et al., 2009) . Further, oral-fluid-based biomarkers in local oral wound fluids have been used as assessments to predict the response to therapies such as periodontal surgery combined with MMP inhi-bition (Gapski et al., 2009) or tissue engineering constructs Sarment et al., 2006; Gapski et al., 2009 ). These wound repair biomarkers have also been used to determine the tissue healing responses of intra-oral soft tissue transplantation procedures .
Periodontal disease is a multi-factorial disease involving infection, inflammation, and subsequent alveolar bone loss. Thus, biologic phenotypes may be of value, since they capture the microbial and inflammatory burden at the individual patient level. This will be important for the development of disease classifications with implications for targeted therapeutics (Casanova and Abel, 2004; Offenbacher et al., 2007) . Analysis of recent data regarding the use of genetic, microbial, and protein saliva-based biomarkers supports the prediction for a propensity for gingival inflammation (Lee et al., 2011) or periodontal bony destruction (Kinney et al., 2011) .
While the future of periodontal diagnostics by saliva-based techniques is promising, formidable obstacles need to be addressed prior to widespread use in a clinical setting. Validation of periodontal diagnostics will need to be benchmarked with existing gold standards of disease, including alveolar bone height and clinical attachment levels (Giannobile et al., 2009) . One of the greatest challenges is not from bench to chair-side, but from chair-side to clinical practice. Acceptance by oral healthcare providers is necessary and may prove difficult. The dental community is not generally familiar with mass screening of populations for oral and systemic diseases (Ramseier et al., 2008) . If more efficient periodontal therapy can be delivered, clinicians will be more likely to utilize new diagnostic approaches. A greater emphasis must be placed on clinician education in diagnostics, disease risk, and disease prevention through the public health sector before diagnostics will be integrated into routine clinical practice (Tabak, 2001) . Although much needs to be done, the use of saliva-based oral fluid diagnostics offers a promising future for the diagnosis and monitoring of periodontal treatment outcomes.
CASe STudieS oF SAlivARy diAgnoSTiCS FoR SySTemiC diSeASeS
New developments in the area of medical microdevices can lead to medical results at POC, including bedside, ambulance, or other remote locations. Medical costs consume a staggeringly large fraction of the US and global economy, now accounting for 16.5% of the total US gross domestic product and growing at 7 to 8% each year. These expenses highlight the urgent need for the development of new tools for affordable healthcare. The electronics industry, with 5 decades of ~50% per year cost reductions, serves as an excellent model for what is possible in the healthcare industry should steps be taken now to create an effective bridge between healthcare and microelectronics industries. Despite remarkable progress toward POC clinical assay systems, few complete working prototypes have emerged. Although promising starts have been made with microfluidic LOC approaches, and important goals have been defined with the micro-total analysis system (µTAS) paradigm, the broadscale release of workable devices has yet to be achieved. While their analysis core is substantially smaller than that of benchtop alternatives, the network of macroscopic laboratory-based infrastructure required for sample processing, analyte detection, data processing, and reagent handling implies that these platforms are best described as "chips-in-a-lab" rather than true "labs-ona-chip". The absence of a standard and modular analysis technology that spans multiple analyte classes motivates work toward universal mini-detection ensembles amenable to rapid prototyping with easy inclusion of newly validated biomarkers.
The POC analysis solution described here (Goodey et al., 2001; Goodey and McDevitt, 2003; Rodriguez et al., 2005; Weigum et al., 2007; Floriano et al., 2009; resulted in the programmablebio-nano-chip (PBNC). This device synergizes components and achievements from nanotechnology, clinical chemistry, bioinformatics, microfluidics, optics, image analysis, and pattern recognition to create a powerful new integrated measurement approach in a small device footprint. The PBNC system (Fig. 3) uses ~300-µm-diameter bead sensors composed of agarose "nanonets" that populate a microelectro-mechanical (MEMS) support structure with integrated microfluidic elements. The beads are an efficient and selective protein capture medium suitable for the analysis of complex fluid samples. This work uses microscopy and computational studies to probe the 3D interior of the beads.
The PBNC features a flexible assay design and has a diverse collection of validated analytes, and its modular design allows for rapid deployment for new biomarker signatures. Assays for nucleic acids, proteins, and cells are arranged in the PBNC to create analytical test modalities specific to different disease types. Collectively, the modularity, flexibility, and ability to process and learn new biomarker signatures represent a biologic form of "programmability". Six major clinical trials are now active, involving the PBNC for major diseases in the areas of cardiac heart disease, oral cancer, ovarian cancer, and prostate cancer.
SAlivA TeSTing FoR phARmACogenomiC STudieS
The field of pharmacogenomics seeks to define five primary outcomes:
• clinical response and differentiation; • risk identification; • dose selection guidance;
• susceptibility, resistance, and differential disease diagnosis; and • polymorphic drug targets.
A pharmacogenomic test result, therefore, is much more informative than traditional therapeutic drug monitoring. A pharmacogenomic test result can inform physicians on the best therapeutic selection for an individual, including dose adjustment based upon a metabolic profile. Thus, the pharmacogenomic test has the potential to reduce adverse reactions or even death through accidental overdose. In many cases, the accidental overdose is the result of an individual's genetically defined ability to metabolize particular compounds.
An excellent example of this is warfarin, which is used as an anticoagulant to protect against heart attack or stroke. Warfarin is taken by 42 million in the US each year, and dose adjustment is historically made by physicians using prothrombin (Rettie and Tai, 2006; Gak and Halkin, 2008; Babic et al., 2009; Daly, 2009; Tan et al., 2010) . The dose is adjusted up or down as dictated by weekly or monthly tests to maintain optimal blood levels, since a suboptimal dose will not prevent the formation of embolisms, while an overdose can cause excessive bleeding. Pharmacogenomic testing has shown that human response to warfarin is dictated by several single nuclear polymorphisms (SNPs) located in the CYP2C9 gene. These SNPs have been defined and clinically validated. Currently, manufacturers marketing the drug include genetic information in the product labeling.
In preliminary studies utilizing genomic DNA obtained from oral fluids with a combination of custom buffers and commercially available membranes, we were able to amplify regions of DNA involved in sensitivity to warafin. In a locked nucleic acid format, the CYP2C9*2 and CYP2C9*3 mutations were distinguished from control wild-type sequences (Organtini K, Gonzalez JM, and Niedbala RS, unpublished observations), thus demonstrating proof-of-concept.
If the goal is to expand the use of oral-based diagnostics, then pharmacogenomics is a natural area for expansion. Test collection with an oral sample is as easy and non-invasive as dreamed of decades ago by some investigators. The key difference is that pharmacogenomics is based upon the collection of cells from which DNA can then be extracted, amplified, and analyzed. The mouth routinely sheds cells, or they may be easily loosened and collected by gentle brushing. The stability of DNA during collection and storage is the first challenge. Some commercial kits have been introduced, but they are expensive and not userfriendly. It is anticipated that the commercial opportunity for the collection of DNA will drive innovation, and new collectors are already being developed and introduced.
The second component to facilitate the use of oral fluid pharmacogenomics is the development of standard procedures to isolate the DNA from the collector and to amplify relevant genes efficiently. Thus far, there is only limited information outlining thoroughly evaluated procedures. Finally, the outcomes from the testing must be shown to be equivalent to current practices. Since DNA can be obtained from any cell in the body, there is theoretically no difference between samples collected from blood and those collected from the mouth. Oral-based pharmacogenomic testing is a natural extension of existing techniques. Additionally, there is a great deal of support for pharmacogenomic testing among regulatory bodies in the US. The successful use of oral fluids in this arena would expand the market for testing to millions of new opportunities.
There are several key milestones that will improve the chance for oral testing to become a standard in this rapidly developing field:
• The literature shows that blood or oral fluids are viable for pharmacogenomics. • Oral fluids collection and processing costs are competitive with those for blood. • Oral fluids are included in pharmacogenomic regulations or guidance documents.
The last point above is perhaps the most important. Scientists are free to publish debate and define the parameters that will ensure quality scientific results. These results are vetted in the peer review process. However, the potential value of oral fluids included in guidance documents or regulations cannot be underestimated. Non-scientists will often look to such documents to avoid potential legal problems. Additionally, healthcare systems must also have a defined way to pay for the sampling and testing. Thus, successful use of oral testing for pharmacogenomics is technically feasible but still requires additional carefully controlled studies to create the body of evidence needed to obtain regulatory approval.
